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Abstract

We demonstrate that the non-trivial CP-violating structure of QCD vacuum
can lead to an observable effect in eTe™ — ¢¢ — 2-jet annihilation. We find
that the sign of the jet handedness correlation can be opposite to that predicted
by factorization of ¢ ¢ fragmentation and CP-conjugation of the two jets. A
simple model estimation of the handedness correlation magnitude is given.
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1. The problem of CP violation in strong interactions is of fundamental interest.
Even though CP-violating effects are not expected in perturbative QCD, the non-
trivial structure of QCD vacuum may lead to the breakdown of the invariance with
respect to CP conjugation [1]. A particular illustration of this option is the appearance
of the so-called ©-term in the effective Lagrangian of strong interactions:

Lo tr( G, G*), (1)
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which 1s intimately related to the possibility of tunnel transitions between the vacuum
states with different topological indices {2]. This tunnelling phenomenon is invoked,
for example, in the now generally accepted solution of the U(1) problem in QCD [3].
It is easy to see that the term (1) explicitly breaks down CP invariance. However
CP-violation in strong interactions was never observed. Does it mean that the true
theory of strong interactions is CP-invariant?

The answer to this question is not necessarily positive, since in the usual observ-
ables the non-perturbative CP-violating effects would appear only as tiny corrections,
which are difficult to isolate. A possibility of CP-violation can be connected with so-
lutions of classical equations of motion in gluodynamics with a nonzero field in the
ground state [4]. It was suggested that such self-dual fields could provide color confine-
ment and linearly rising Regge trajectories [5]. In fact, the existence of non-vanishing
vacuum gluon fields assumed in the QCD Sum Rule method [6] would definitely in-
duce the CP-violating effects due to a chromo-magnetic component of considerable
strength:

oo
(0:B%) = 2(a,G?) = 0.01 GeV?*, (2)

where at a later stage we have used the “canonical” gluon condensate value [6]. How-
ever the terms induced by the vacuum gluon fields generally enter the expressions for
physical quantities as higher-twist power corrections to the leading perturbative QCD
results; these corrections are proportional to the square of the gluon field strength
tensor {ca;G?). It is extremely important therefore to find an observable in which the
non-perturbative effects would give a leading contribution.

Such an observable was recently proposed in the work of ref. [7]: it is the jet
handedness correlation in the ete™ — Z° — 2-jet process. There is a preliminary ex-
perimental indication [7] that this correlation is of the sign opposite to that predicted
by CP-conjugation of ¢ and g jets and by their independent fragmentation.

The aim of this Letter is to demonstrate that the observed sign is natural if the
fragmentation occurs in the background of non-perturbative chromo-magnetic vac-
uum field. We shall present a simple model estimation of the handedness correlation.






